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Abstract 
This research was studied to saving energy of hot air dryer with closed-loop oscillating heat pipe (CLOHP/CV).  The 
CLOHP/CV made from a copper tube with inner diameter of 2 mm.  The evaporator and condenser lengths were 18 
cm. The adiabatic length was 20 cm. Distilled water with 50% by total volume of tube was filled into CLOHP/CV. 
The number of meanderings was 40. The temperature for testing was 50, 60, 70, 80 and 90 oC. The hot air flow rate 
was 0.5, 1.0 and 1.5 m/s. The results of the normal hot air dryer and the hot air dryer with CLOHP/CV, it was found 
that the hot air dryer with CLOHP/CV can save thermal energy more than the normal hot air dryer. Moreover if 
determine in saving electrical energy, the hot air dryer with CLOHP/CV can save energy more than the normal hot air 
dryer by average of 28.13 %. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Thailand is the agricultural country. Many types of agricultural products cannot keep for over season 
and moreover, low price problem. For solving problem, agricultural products were transformed and keep 
for using in over season. Because of drying is simple method and can keep product for a long time. 
Therefore, drying process is used for solving low price problem.  Drying is dehumidification process of 
product by using heat transfer to product for dehumidification. Normal energy for drying system is 
electrical energy, oil and fuel gas. These energy are waste energy and high cost.  Heat pipe is a simple 
heat exchanger for heat transfer from difference temperature of two sources. Heat pipe is many types.  
Oscillating heat pipe (OHP) is one type of heat pipe [1]. Normally, OHP made from capillary tube and 
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had 3 types of closed end oscillating heat pipe (CEOHP), closed-loop oscillating heat pipe (CLOHP) and 
closed-loop oscillating heat pipe with check valves (CLOHP/CV) and OHP has three sections of 
evaporator, adiabatic and condenser sections [3]. CLOHP/CV is the best of all [4]. In 2007, CLOHP/CV 
was applied using for hot air drying process. It was found that, CLOHP/CV air-preheater can reduce 
relative humidity and increase temperature of air before into drying system [2]. Nevertheless, CLOHP/CV 
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Fig. 1. Type of oscillating heat pipe: (a) Close-end oscillating heat pipe (CEOHP), (b) Close-loop oscillating heat pipe (CLOHP)
and (c) Close-loop oscillating heat pipe with check valves (CLOHP/CV) 
As a result, in this research was studied about saving energy of hot air dryer with closed-loop 
oscillating heat pipe (CLOHP/CV) in heating air section. 
Nomenclature 
Cp  specific heat of air, kJ/kgoC
I  electrical current, A 
.
m   mass flow rate of air, kg/s 
P  electrical power, W 
Q  heat transfer rate, kW 
T  temperature, oC
t  time, (hr) 
V  electrical voltage, V 
Subscripts 
in  inlet 
out  outlet 
2. Experimental setup and procedure 
2.1. CLOHP/CV heat exchanger 
 CLOHP/CV made from copper capillary tube with inner diameter of 2 mm. The ratio of number of 
check valve to number of turn was 0.2. The working fluid in this case was water with filling ratio of 50% 
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of total volume of tube. As shown in Fig. 2, the length of evaporator, adiabatic and condenser sections 
were 18, 20 and 18 cm, respectively. Moreover, the CLOHP/CV was set up at hot air dryer as shown in 
Fig. 3.  
Fig. 2. CLOHP/CV 
   
(a)                       (b) 
Fig. 3. Hot air dryer (a) hot air dryer without CLOHP/CV, (b) hot air dryer with CLOHP/CV 
2.2. Drying chamber 
 The dimension of drying chamber was 30 × 30 u 30 cm. The drying chamber made from stainless 
steel of 1 mm (thickness). The waste hot air from drying process was released at top of drying chamber 
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Fig. 4. Diagram of the experimental procedure 
2.3 Operating conditions 
 The thermal energy of heating air was determined by setting air temperature in drying chamber of 50, 
60, 70, 80 and 90 oC. The hot air velocity was 0.5, 1.0 and 1.5 m/s (measured by hot wire air velocity of 
testo 425). The temperatures of air as figure 4 were measured and recorded by testo 177-t4 v01.10. The 
heat transfer rate in heating air of heater is as follow:   
 inoutp TTcmQ  
x
       (1) 
Where m is the air mass flow rate, Cp is the specific of air, Tin and Tout are the inlet air 
temperature before entering the heater and outlet air temperature after entering the heater.   
For the saving thermal energy is calculated as follow: 
 The saving thermal energy (%) =  [(the thermal energy of hot air dryer without CLOHP/CV  
spending - the thermal energy of hot air dryer with 
CLOHP/CV spending) x 100%] / the thermal energy of hot 
air dryer without CLOHP/CV spending  (2) 
For the electrical energy is calculated as follows: 
Electrical power (W) = V × I 










Hot air flow 
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The saving electrical energy (%) =  [(the electrical energy of hot air dryer without CLOHP/CV  
spending - the electrical energy of hot air dryer with 
CLOHP/CV spending) u 100%] / the electrical energy of 
hot air dryer without CLOHP/CV spending    (2) 
3. Results and discussion 
 In Figure 5 shows the result of saving thermal energy. It was found that CLOHP/CV can be reduced 
thermal energy in any hot air velocity and any air temperature. The average of saving thermal energy was 
56.66%. Because of the air temperature before entering the heater after entering the condenser section of 
CLOHP/CV was increased. Therefore, the spending thermal energy of hot air dryer with CLOHP/CV was 
lower than the spending thermal energy of hot air dryer without CLOHP/CV. The results are agreed with 
result of P. Meena [2].  In Table 1 shows the result of saving electrical energy.  The air temperature for 
experiment was 90 qC. The period for experiment was 2 hours. The time of working heater was measured 
by time clock. It was found that CLOHP/CV can be saved electrical energy in any hot air velocity. The 
average of saving electrical energy was 28.13%. 
Table 1. The saving electrical energy results 
ǰ




The spending electrical energy of 
heater of hot air dryer without 
CLOHP/CV (kW.hr) 
The spending electrical energy of 
heater of hot air dryer with 
CLOHP/CV
(kW.hr) 
The saving electrical energy of 
heater of hot air dryer with 
CLOHP/CV (%) 
0.5 7.630 4.106 46.18 
1.0 8.523 6.345 25.55 
1.5 13.299 11.6151 12.66 
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4. Conclusions 
In this research studied about saving electrical energy and saving thermal energy. As the results, the 
CLOHP/CV can increase the air temperature before entering the heater. The hot air dryer with 
CLOHP/CV was saved thermal energy and electrical energy than hot air dryer without CLOHP/CV in any 
hot air velocity.  
Acknowledgements 
The author would like to express their appreciation to Project Research Group Fund of Faculty of 
Industrial and Technology Management, King Mongkut’s University of Technology North Bangkok, 
Prachinburi Campus for providing financial support for this study. 
References 
[1] Maezawa S and others. Thermal Performance of Capillary Tube Thermosyphon. In Proceedings of the 4th International Heat 
Pipe Conference; USA  :  s.n., 1996,  p.791-795. 
[2] Meena P, and others. Closed-loop oscillating heat-pipe with check valves (CLOHP/CVs) air-preheater for reducing relative 
humidity in drying systems. Applied Energy 2007; 84:363–373. 
[3] Miyazaki Y, Polasek F, and Akachi H. Oscilallating Heat Pipe witch Check Valves. In Proceedings Of the 6th  International
Heat Pipe  Symposium; 2000, p.389-393. 
[4] Rittidech S, and others. Heat-transfer characteristics of a closed-loop oscillating heat-pipe with check valves. Applied Energy
2007; 84:565–577. 
